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Abstract: Background: High prevalence of vitamin D deficiency has been reported from Pakistan. Association of
sociodemographic factors with vitamin D status has received little attention in this region. Therefore, we embarked on
investigating the relationship of sociodemographic factors with vitamin D levels in a healthy Pakistani population.
Venous blood from 226 healthy participants (age range 19-69 years) was collected and analyzed for serum
concentrations of 25(OH) vitamin D [25(OH)D] and other related biomarkers. Demographic characteristics of the study
participants were collected. Vitamin D deficiency (25(OH)D levels less than 20 ng/ml) was found to be 75% in this
cohort. Gender, sunlight exposure and monthly household income emerged as predictors of hypovitaminosis D. Mean
serum 25(OH)D levels in the groups with monthly household income less than Pakistani Rupees (PKR) 20,000, between
PKR 20,000-50,000 and above PKR 50,000 were found to be 11.0±7.5, 13.9±9.6 and16.9±11.7 ng/ml, respectively.
Using logistic regression the odds of having vitamin D deficiency was 3.22 (95% CI, 1.65-6.28) in the group with
household income less than PKR 50,000 per month compared to the group with household income more than PKR
50,000 per month when the model was adjusted for gender and exposure to sunlight. There is an association between
household income and hypovitaminosis D in a healthy Pakistani population.
Keywords: Household income, hypovitaminosis D, sociodemographic factors, vitamin D levels.

INTRODUCTION
For decades, hypovitaminosis D [25(OH) vitamin D
levels <20 ng/ml] was considered only as a risk factor for
rickets in children and osteomalacia in adults (BischoffFerrari, 2012). In recent years, hypovitaminosis D has
been found to be associated with several other diseases
including malignancies (Garland et al., 1989),
autoimmune diseases (Marques et al., 2010) and
metabolic disorders (Miñambres et al., 2012).
Hypovitaminosis D has become a global health problem
(Mithal et al., 2009). High prevalence of hypovitaminosis
D has also been reported from Pakistan with as high as
91.5% in premenopausal women (Khan et al., 2012), 89%
in pregnant women (Hossain et al., 2011) and 76% in
healthy adults (Mahmood et al., 2009).
Food and sunlight are two major sources of vitamin D.
Oily fish, cod liver oil and some mushrooms are the main
natural sources of vitamin D. A few food items can be
fortified with vitamin D due to their fat soluble nature,
however, consumption of vitamin D fortified food alone
is not enough to achieve sufficient levels of this vitamin
(Holick, 2004; Holick and Chen, 2008). Moreover,
accessibility of natural and fortified resources of vitamin
D could vary among populations because of
socioeconomic background of individuals (Mark et al.,
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2012; Weishaar and Vergili, 2013). Therefore, exposure
to sunlight remains the major source to achieve adequate
levels of vitamin D. In a country like Pakistan, which is
located near the equator with plenty of sunlight, it is
surprising to have such a high prevalence of vitamin D
deficiency. Several sociodemographic and lifestyle factors
have been reported to be associated with hypovitaminosis
D. Gender and age have significantly been linked with
hypovitaminosis D in a Canadian population (Naugler et
al., 2013).
Lower education and unhealthy lifestyle have been shown
as predictors of hypovitaminosis D in a Finnish
population (Jaaskelainen et al., 2013); while
socioeconomic status has emerged as a significant
predictor of hypovitaminosis D in premenopausal
Bangladeshi women (Islam et al., 2002). Very few
studies, however, have been carried out to investigate the
relationship
of
sociodemographic
factors
with
hypovitaminosis D in this region. Therefore, we
embarked on investigating the relationship of
sociodemographic factors with vitamin D levels in a
healthy population of Pakistan.

MATERIALS AND METHODS
Study subjects
Two hundred and twenty six healthy Pakistani subjects
(age range 19-69 years) were enrolled in this study from
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the personnel of the Aga Khan University and other
healthcare institutions in Karachi with informed consent.
Demographic characteristics which included ethnicity,
eating habits, monthly income of family (Pakistani
rupees/PKR), ownership of car, motorcycle and TV, use
of burqa (only for female), exposure time to sunlight (at
least 2 hours/day), smoking history, type of fat in
cooking, duration of planned exercise and physical
activity were determined using a questionnaire. Exclusion
criteria included pregnant females, use of vitamin D
injections or supplements during the last 6 months,
malabsorption syndrome, cancer, liver disease, uremia or
diabetes. The study had been approved by the Ethics
Review Committee of the Aga Khan University.
Blood sampling and measurement of Biomarkers
Fasting venous blood (10 ml) was collected from healthy
subjects. Serum/plasma concentrations of 25 (OH)
vitamin D [25(OH)D], parathyroid hormone (PTH),
calcium, alkaline phosphatase (ALP) and phosphate were
determined using commercially available kits (Roche
Diagnostics, Indianapolis, USA).

STATISTICAL ANALYSIS
All statistical analyses were carried out using IBM
Statistical Package for Social Sciences® (SPSS) software
version 19 for Windows® (Apache Software Foundation,
USA). Independent sample t test was used to compare
mean ± SD values of continuous variables [25(OH)D,
PTH, calcium, ALP, phosphate] . However, analysis of
variance (ANOVA) was used to compare mean levels of
25(OH)D among different monthly household income
groups followed by Tukey’s HSD test for multiple
pairwise comparisons. Binomial logistic regression was
applied to examine the association of monthly household
income with vitamin D status. A p value of <0.05 was
considered significant.
Table 1: Vitamin D status in the study population
Vitamin D status
Deficiency (25 (OH)D < 20 ng/ml)
Insufficiency (25 (OH)D =20-29.9 ng/ml)
Sufficiency (25 (OH)D ≥ 30 ng/ml)

n (%)
170 (75.2)
35 (15.5)
21 (9.3)

RESULTS
Mean age of participants was 44.4 ±9.1 years (age range
19-69 years), while mean values of BMI and waist
circumference were 25.4±3.7 (kg/m2) and 91.8±10.6 cm,
respectively. 72.1% of the study participants were males
and 27.9% were females. Mean serum/plasma
concentrations of 25(OH)D, PTH, calcium, ALP and
phosphate were 15.0±10.7 ng/ml, 36±23.0 pg/ml, 9.1±1.0
mg/dl, 76.1±22.1U/l and 3.6±0.69 mg/dl, respectively.
Regarding vitamin D status of the study population, 75%
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were vitamin D deficient (25(OH)D levels <20 ng/ml),
16% insufficient (25(OH)D levels =20-29.9 ng/ml) and
only 9% sufficient (25(OH)D ≥30 ng/ml) table 1.
Comparison of mean vitamin D levels among different
ethnic groups revealed that vitamin D deficiency was
prevalent in all major ethnic groups in Pakistan and no
significant difference was observed in any particular
ethnic group (data not shown).
Study participants were categorized on the basis of their
monthly household income into three groups: PKR<
20,000; PKR 20,000-50,000; PKR >50,000. As shown in
Table 2, there was a significant difference between mean
levels of 25(OH)D of the income group less than PKR
20,000 per month and the group with monthly income
more than PKR 50,000 (p =0.003). Socio-economic status
of the study participants in the 3 income groups was
pretty much in sync with various items in their household.
In the first group (monthly income <PKR 20,000), 67.3%
possessed TV, and 22.4% owned motorcycle while no one
owned a car. In the second group (monthly income PKR
20,000-50,000), 36.2% had TV, 40.4% owned motorcycle
and 23.4% had cars. In the third group (monthly income >
PKR 50,000), only 13.1% had motorcycle, while 86.9%
of the participants had their own cars.
Mean ± SD serum levels of 25(OH)D with respect to
lifestyle factors have been shown in Table 3. Majority of
the study participants were working in shade (88.1%),
were non-smokers (83.2%), not doing exercise regularly
(66.8%) and were engaged in some physical activity for
more than 4 hours per day (43.6%). Use of burqa was
only 28.5% among female participants of the study. Mean
serum levels of vitamin D were not significantly different
between study participants when compared with respect
to these life style factors.
For further analysis, study participants were divided into
two groups on the basis of their vitamin D status as
vitamin D deficient (25(OH)D levels <20 ng/ml) and nondeficient subjects. Baseline comparisons between vitamin
D deficient and non-deficient subjects by age, BMI, waist
circumference, PTH, calcium and ALP showed
insignificant differences between the two groups.
However, significant differences were observed regarding
gender, monthly household income and exposure to
sunlight (Table 4), while ownership of car, motorcycle,
TV and ethnicity remained insignificant between the two
groups. To determine the association between monthly
household income and vitamin D status, the model was
adjusted for gender and sunlight exposure .Odds ratios
(with 95% CI) of vitamin D deficient subjects adjusted for
gender and sunlight exposure are shown in Table 5. After
adjustments, the odds of having vitamin D deficiency was
3.22 (95% CI, 1.65-6.28) in the group with household
income less than PKR 50,000 compared to the group with
monthly income more than this figure.
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Table 2: Mean ± SD serum levels of vitamin D with respect to monthly household income
Monthly House Hold Income (PKR)
Group 1 <20K
Group 2 20-50K
Group 3 >50K

n (%)
49 (21.7)
47 (20.8)
130 (57.5)

Vitamin D levels (ng /ml)Mean±SD
11.0±7.5
13.9±9.6
16.9±11.7*

*Significant at p value < 0.05 when the mean values were compared using One-way ANOVA followed by Tukey’s HSD test for
multiple pair-wise comparisons.

Table 3: Mean ±SD serum levels of vitamin D with respect to lifestyle
Variable
Job’s nature
Smoking

Exercise

Physical activity
Use of Burqa
(females only)

Categories (% Subjects)
Work in shade (88.1)
Work in open (11.9)
Never used (83.2)
Current users (7.1)
Ever used (9.7)
Daily (16.0)
2-5 times/week(6.6)
<1 time/week (10.6)
No exercise (66.8)
>4 hours/day (43.6)
1-4 hours/day (42.1)
<1 hour/day (14.3)
Yes (28.6)
No (71.4)

Vitamin D levels (ng/ml) Mean ±SD
17.9±9.8
14.6±10.8
15.0±11.1
15.2±8.2
14.6±8.9
14.1±10.6
16.3±13.8
19.3±11.2
14.4±10.2
18.6±10.4
19.2±12.0
20.1±13.1
18.6±12.1
18.8±10.0

Table 4: Baseline comparisons between vitamin D deficient and non-deficient subjects by age, BMI, waist
circumference, biomarkers and sociodemographic characteristics. Means ± SD
Variables
Age (years )
Body mass index (kg/m2 )
Waist circumference (cm)
Serum PTH (pg/ml)
Serum calcium (mg/dl)
Serum ALP (IU/ml)
Serum phosphate (mg/dl)
Gender [n (%)]
Male
Female
Household income [n (%)]
Less than PKR50,000
PKR 50, 000 or more
Ownership of car [n (%)]
Yes
No
Ownership of motorcycle [n (%)]
Yes
No
Ownership of television [n (%)]
Yes
No
Exposure to sunlight [n (%)]
Yes
No

Deficient [25 (OH)D < 20
ng/ml] (n=170)
44.22 ± 8.33
25.56 ± 3.87
91.39 ± 9.91
36.53 ± 25.49
9.31 ± 2.19
82.11 ± 72.76
3.58±0.68

Vitamin D Status
Non Deficient [25 (OH)D ≥ 20
ng/ml] (n=56)
45.18 ± 11.23
25.17 ± 3.30
93.31 ± 12.81
37.42 ± 22.15
10.10 ± 4.65
77.62 ± 20.90
4.20±1.19

131(77)
39(23)

32(57)
24(43)

0.005

83(49)
87(51)

15(27)
41(73)

0.004

84(49)
86(51)

36(64)
20(36)

0.053

63(37)
107(63)

14(25)
42(75)

160(94)
10(6)

53(95)
3(5)

35(21)
135(79)

25(45)
31(55)

p value*
0.5
0.52
0.27
0.82
0.09
0.65
<0.001

0.1

0.88

<0.001

*Means in two groups were compared using one-way ANOVA, while percentages were compared using chi-square.
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Table 5: Odds ratios (with 95% CI) of vitamin D deficient subjects adjusted for gender and sunlight exposure
Monthly Household income
>PKR 50 000
<PKR 50 000

Crude OR (95% Cl)
1
2.14(1.03-4.44)

DISCUSSION
Studies carried out in the West have shown association of
certain sociodemographic factors with vitamin D
deficiency/insufficiency (Jaaskelainen et al., 2013;
Naugler et al., 2013). This study representing Pakistani
population suggests that serum concentration of 25(OH)D
is associated with household income but not with other
lifestyle factors. To the best of our knowledge, this is the
first study indicating socioeconomic factors as the
determinant of vitamin D deficiency in a Pakistani
population. Studies published so far were based on the
prevalence of vitamin D deficiency with little focus on its
determinants. The need of evaluating the role of
sociodemographic factors in a Pakistani population has
also been suggested by Sheikh et al. (2012).
In the current study, we found high prevalence (75%) of
vitamin D deficiency in the study population. High
prevalence of vitamin D deficiency has already been
reported from several other studies carried out in
Pakistani premenopausal women (Khan et al., 2012),
pregnant women and neonates (Hossain et al., 2011;
Anwar et al, 2016) , healthy adults (Mahmood et al.,
2009; Sheikh et al., 2012) and Pakistani immigrants living
in Oslo (Holvik et al., 2005).
In the present study, we found an association between
serum 25(OH)D concentration and gender. We found
significantly higher levels of vitamin D in females as
compared to males, while a few other studies have
reported higher levels of vitamin D in males (Holvik et
al., 2005; Sheikh et al., 2012). Higher concentration of
vitamin D in females in the present study can be
explained due to the fact that a significant proportion of
females (86%) in this cohort belonged to higher
socioeconomic group compared to males.
This was further substantiated by the inverse relationship
we found between serum levels of 25 (OH)D and monthly
household income. These finding are in line with several
other reports from other countries. For example,
socioeconomic status has been indicated as a significant
predictor of hypovitaminosis D in premenopausal
Bangladeshi women (Islam et al., 2002), Canadian
population (Naugler et al., 2013), Finnish men and
women (Jaaskelainen et al., 2013), elderly German
population (Jungert et al., 2014) and Bahraini men (AlMahroos et al., 2013). In a recently published study on a
low-income peri-urban community in Karachi, no
association of household income was found with serum
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Adjusted OR (95% Cl)
for gender
1
1.95(0.96-3.96)

Adjusted OR (95% Cl)
for sunlight exposure
1
3.22(1.65-6.28)

levels of 25(OH)D (Mehboobali et al., 2015). This could
be due to the reason that all the subjects in this cohort
belonged to a very low income group with nearly 88%
having monthly household income less than PKR 10,000.
We also found that participants spending more than 2
hours per day in sunlight have higher vitamin D levels
compared to participants who did not expose themselves
daily to sunlight. Majority of Pakistani population has
skin collagen of type IV or V which in turn requires
extended sun exposure to achieve adequate levels of
vitamin D (Farrar et al., 2013). However, due to sociocultural reasons, sun-tan seeking behavior is less popular
in this population. Moreover, there is no proper vitamin D
food fortification policy in place to fulfill recommended
daily needs. A few food items that are vitamins D
fortified are not easily accessible to masses especially
people with lower socioeconomic status. Keeping this in
view, it is suggested that government should formulate
vitamin D food fortification policy and make the general
population aware of the benefits of sunlight by providing
specific guidelines regarding how much of sun exposure
is required and how much of the body should be exposed
to achieve optimal vitamin D levels.
This study should be viewed in the light of certain
limitations which include relatively modest number of
study participants and lack of information about skin
pigmentation and dietary patterns of the study population.
Therefore, it is important that prospective studies using a
large sample size should be carried out to determine the
role of poor socioeconomic status and the associated
factors which increase the risk of hypovitaminosis D.
Moreover, information about the dietary patterns would
be extremely important to find out their relationship with
hypovitaminosis D in Pakistani population.

CONCLUSION
Vitamin D deficiency is widely present in a healthy
population of Pakistan. The prevalence is lower in
females as compared to males. There is an inverse
relationship between monthly household income and
hypovitaminosis D. Extended sunlight exposure would be
beneficial to protect against hypovitaminosis D in this
population.
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